The present study deals with the influence of common affections of the liver and biliary tract upon the level of serum phosphatase activity in the adult. It is an analysis of our observations during the period 1933 to 1939 on those patients with involvement of the liver or biliary tract in whom the diagnosis could be proven by exploration or necropsy, or when insusceptible of proof (as in the hepatitides), could be established with reasonable certainty by clinical methods. Some 350 cases satisfied these criteria: 79 adults with proven obstruction of the common bile duct; 75 cases of hepatitis of indeterminate etiology ("catarrhal" jaundice); 39 cases of jaundice following exposure to known hepatotoxic drugs; 15 cases of hemolytic jaundice; 45 patients with proven cirrhosis of the liver, exclusive of biliary cirrhosis; 46 patients with proven neoplastic involvement of the liver; 10 patients with proven liver abscess; 10 cases of proven chronic passive congestion of the liver, without significant "cardiac" cirrhosis; and 29 cases of miscellaneous disorders of the liver or biliary tract. The data in 123 of these patients have been reported elsewhere (1) . We record here observations made subsequent to that report, together with a study of the distribution of values in our total experience.
On the basis of these empirical clinical data, we have attempted to define the clinical usefulness and limitations of the determination of serum phosphatase activity as applied to diseases of the liver and biliary tract. Three such applications of the method appear to be of promise: (1) as a supplementary aid to the clinical differential diagnosis of the several types of jaundice; (2) as an index to certain complications following surgical procedures on the biliary tract; (3) as a rela- 1 Supported by a grant from the Josiah Macy, Jr., Foundation. tively early indicator of metastases in patients known to have malignant tumors.
It may be stated at the outset that our data do not wholly support Roberts' disputed claim that by determining the phosphatase activity of the serum " toxic, infective and catarrhal jaundice may be readily distinguished from jaundice of the obstructive type" (2) . We find, as have most previous investigators (3) , that while patients with obstructive jaundice show appreciable elevations in serum phosphatase activity with reasonable consistency, increased serum phosphatase levels of the same order may be observed also in some patients with hepatitis. Whether or not the overlapping of values in the several types of jaundice is sufficient to invalidate the serum phosphatase determination as a practical aid in differential diagnosis is the crux of the problem under consideration and the chief impetus for our studies. These studies have led us to believe that, in general, the determination of serum phosphatase activity affords evidence of limited but definite value in the major practical problem presented by patients with jaundice: the decision between surgical intervention (" surgical jaundice ") and conservative management (" medical jaundice"). This usefulness is, of course, contingent upon the recognition of specific deficiencies in the method, to be pointed out later, and upon a general appreciation of the limitations of any one means of investigation in so complex a phenomenon as jaundice. Reproducibility in technique of the serum phosphatase determination is another essential, since application of the method depends upon a comparison of levels of phosphatase activity.
We have attempted, further, to derive such generalizations regarding possible mechanisms regulating the serum phosphatase level in hepatic disease as would seem to be justified by the consistency of our data. Obviously, uncontrollable variables encountered in any such clinical study necessitate cautious interpretation. However, it may be said that, with certain unexplained exceptions, the level of phosphatase activity of the serum in the adult appears to be peculiarly sensitive to any significant compromise of the patency of the extra-or intrahepatic biliary system, but is relatively unaffected by even extensive liver parenchymal injury per se. The determination of serum phosphatase activity in this sense complements the so-called " liver function " tests, which afford a measure of injury to the liver parenchyma, and the dye retention tests, which are inapplicable in the presence of jaundice.
The absolute values reported in our tables and the empirical levels derived in our statistical analysis refer to the Bodansky method for the determination of serum phosphatase activity (4) . In our hands, as in those of Bodansky, this method gives a range of 1 to 4 Bodansky units per 100 cc. serum for normal adults (1) . Serum bilirubin was estimated by the method of Thannhauser and Andersen (5 (Table IA) ; 19 proven cases of carcinoma of the head of the pancreas or of the extrahepatic biliary tract (Table IB); and 8 proven cases of obstruction of miscellaneous origin (Table IC) . The phosphatase activity of the serum was definitely increased in every one of these 54 cases of obstructive jaundice. Initial values in 49 cases ranged from 113.1 to 10.9 Bodansky units per 100 cc. serum. Values of less than 10 Bodansky units were obtained in 5 patients, of whom 3 were found to have calculi in the common duct with incomplete obstruction; 1 was a typical case of carcinoma of the head of the pancreas with complete obstruction of the common bile duct; and 1 was a curious case of carcinoma arising from the proximal end of the common bile duct, with complete obstruction. The serum phosphatase values subsequently rose in this instance as the serum bilirubin level fell, for reasons that were never explained. The patient was not studied in the last months of life when jaundice recurred.
The total cholesterol content of these sera is recorded for comparison with the serum bilirubin and phosphatase levels. The significance of this comparison will be considered in the discussion.
Bi. Post-operative serum phosphatase values!, with special reference to persisting external biliary fistulae. Serum phosphatase activity was determined post-operatively in 11 patients of the present series, at intervals varying from 3 days to 9 months after surgical intervention. Usually a roughly parallel trend in serum phosphatase and bilirubin was observed post-operatively. But sometimes there was a dissociation in serum phosphatase and serum biliriubin levels as illustrated particularly by the following 3 patients who developed persistent external biliary fistulae after cholecystectomy. It will be noted that, when such a dissociation in serum phosphatase and serum bilirubin levels occurred, the increased level of serum phosphatase activity paralleled the course of clinical complications, whereas the serum bilirubin showed little or no rise.
T. G., aged 45, developed bile peritonitis following cholecystectomy without drainage. Subsequent exploration disclosed disruption of the ligated cystic duct stump. The serum bilirubin rose to 5.2 mgm. per cent, perhaps due to resorption of intraperitoneal bile, but the serum phosphatase level remained within essentially normal limits (4.7 Bodansky units) so long as bile drained freely into the abdominal cavity. After correction of the leak and establishment of temporary external biliary drainage, the j aundice eventually cleared, the biliary fistula gradually closed, the stools showed bile and the patient became afebrile. He returned later with chills, fever and malaise suggesting cholangeitis, the symptoms subsiding after several weeks. Similar episodes recurred for the next 6 months. Throughout this period, he never developed jaundice, but the serum phosphatase activity was persistently elevated, ranging from administration of hepatotoxic drugs are segregated from the miscellany of cases which it is convenient clinically to group together as " hepatitis." This division, for which there is other justification, ordinarily can be made without difficulty by reference to the case history. Table II includes 41 patients with jaundice of indeterminate etiology in whom the clinical course, with few exceptions, was typical of so-called " catarrhal " jaundice. The phosphatase activity of the serum in all but 5 of these patients was less than 10 Bodansky units per 100 cc. The 5 exceptions include one 13-year-old patient whose serum phosphatase level of 13.1 Bodansky units was little, if at all, above the normal maximum for that age period. In many of the cases in this group with comparatively little rise in serum phosphatase activity, the degree of jaundice and the clinical course were indicative of severe parenchymal involvement. In some, acholic stools were present for variable, occasionally protracted periods. Table III includes 26 patients with jaundice following exposure to known hepatotoxic agents, for the most part luetics after intravenous administration of arsphenamine. In some of these, icterus developed rapidly early in the course of treatment, the highest values in Table III falling in this group. In others, icterus appeared as late as 6 months following cessation of treatment.
The dispersion in the cases comprising Table  III (6) pointed out that the sera of patients with arsphenamine jaundice and markedly increased serum phosphatase activity fail to flocculate cephalin-cholesterol emulsions, a sensitive test for hepatitis. Moreover, the serum cholesterol values in this group rose, in contrast to the usually normal or lowered levels in hepatogenous jaundice; the rise occurring after icterus had been present for some time and tending to persist after jaundice had subsided. Clinically, this group was characterized (6) by acute onset in the form of a typical delayed reaction to the second or third arsphenamine injection; by intense icterus and pruritus, acholic stools for long periods, and relative freedom from gastrointestinal upsets.
The cases in Table III with little rise in serum phosphatase activity, on the other hand, for the most part presented a clinical and laboratory picture more in keeping with that of hepatogenous jaundice. Table IV summarizes the results in 12 of our patients with hemolytic jaundice of diverse etiology. Case 245 was an infant who was deeply icteric at birth, the hyperbilirubinemia gradually subsiding within 6 weeks; an instance, apparently, of unusually severe and protracted " physiologi- Because of painful attacks suggesting biliary colic and x-ray evidence of gall bladder disease, the possibility of obstruction due to pigment stones was suggested. The serum phosphatase level was within normal limits despite very marked hyperbilirubinemia. Exploration revealed calcium bilirubinate " mud" in the gall bladder but no obstruction of the common bile duct, which was not dilated and through which saline could be irrigated freely.
Hemolytic jaundice
As indicated in Table IV , the phosphatase activity of the serum is consistently within normal limits in hemolytic jaundice. There is no difficulty in establishing the diagnosis of hemolytic jaundice on other grounds, however, and we regard the use of the method in this type of jaundice as of chiefly theoretical interest; though in occasional obscure instances such as Case 246 the determination may be of distinct aid.
Cirrhosis of the liver
Table V summarizes our results in 30 patients with cirrhosis of the liver in whom the diagnosis could be established at necropsy or by liver biopsy. This is a heterogeneous group. The majority of subjects were chronic alcoholics and at necropsy many were found to have a fatty type of Laennec's cirrhosis specified as " alcoholic" cirrhosis (7) ; when fatty degeneration was not striking but fibrosis was the chief abnormality, the findings are designated more generally as Laennec's cirrhosis.
The presence of extreme atrophy is recorded. The series further comprises 3 cases of " cardiac " cirrhosis in patients with long-standing cardiac failure; 3 cases of hemochromatosis; 2 cases of "toxic" cirrhosis associated with hyperthyroidism; and 1 case of schistosomiasis of the liver with cirrhotic changes. Cases 257 and 263 were relatively young persons. In the former the clinical course was that of sub-acute yellow liver atrophy, though the pathological findings were not so classified. Our proven instances of biliary cirrhosis were all patients with chronic obstructive jaundice and are included in Table I .
These patients for the most part presented the picture of hepatic cirrhosis in its more advanced stages. We have recorded the results of serum protein analyses (Howe's method was used) to afford another criterion of the degree of hepatic pathology. The highest value for serum phosphatase activity observed in this group was 20.3 Bodansky units per 100 cc. In only 6 patients were serum phosphatase levels of 10 Bodansky units or over obtained and 3 of these inconstantly exceeded that figure. Almost half of this group of advanced cirrhotics were found on at least one occasion to have essentially normal serum phosphatase levels. The results indicate that even advanced hepatic cirrhosis of the type included in Table V usually effects little rise in serum phosphatase activity. In biliary cirrhosis the values are quite consistently elevated.
5. Neoplastic involvement of the liver Four proven cases of primary carcinoma of the liver (Table VIA) ; 10 cases of malignancy proven not to have liver involvement (Table  VIB) ; and 22 cases of malignancy with proven metastases to the liver (Table VIC) . In 2 of the cases of primary carcinoma of the liver, the tumor had its origin in the intrahepatic biliary system (cholangioma), 2 arose from hepatic cells (hepatoma) in association with advanced Laennec's cirrhosis. Not included in Table VI cases exceeded the maximum we usually find in non-metastasizing malignancy (Table VIB) . There were 5 instances, however, with serum phosphatase activity less than 5 Bodansky units, despite definite metastatic involvement of the liver; and Case 320 presented both hepatic and skeletal (osteolytic) metastases without any significant rise in serum phosphatase activity (an exceptional occurrence in our experience). The patients with little or no elevation in serum phosphatase level were not icteric.
In general, the serum phosphatase activity tends to be higher in patients with diffuse spread of large nodules throughout the liver. Our highest values were in patients who showed jaundice, though some were only slightly icteric (Cases 3W 302); and in several instances the serum Another source of error inherent in our classification of obstruction of the extrahepatic biliary tract on the basis of mechanical occlusion lies in the possible inadvertent exclusion of obstruction due to spasm of the sphincter of Oddi. In those instances in which this mechanism was suggested at operation as the cause of icterus, it was not possible to obtain convincing objective proof of the causal relation of spasm to jaundice. For example, Case 358 was found to have cholecystitis and cholelithiasis. but no stone in or dilatation of the common bile duct at operation (at which time the serum bilirubin was markedly elevated but the serum phosphatase activity insignificantly increased). Cholangiograms showed some narrowing of the distal end of the common duct, without delay in emptying. Liver biopsy was variously interpreted as hepatitis or essentially normal liver but was not thought to suggest obstructive jaundice. Manometer readings of bile duct pressure after injection of saline into the drainage tube gave equivocal results. The jaundice increased after operation, then slowly subsided. ANALYSIS GUTMAN, t. B. OLSON, E. B. GUTMAN, AND C 25 Bodansky units were obtained usually but not invariably in patients with complete and protracted obstruction of the common bile duct due to neoplasm.
In " catarrhal " jaundice, on the other hand, 56 of 69 cases (about 80 per cent) had serum phosphatase levels less than 9.0 Bodansky units per 100 cc., 8 were at indeterminate levels and 5 (about 7 per cent) exceeded 12.0 Bodansky units. When the relation of serum phosphatase to serum bilirubin levels in these two major types of jaundice is taken into consideration, the differences between them become even more striking. Those patients with obstructive jaundice who showed little increase in serum phosphatase activity had relatively slight hyperbilirubinemia, as obstruction was incomplete; whereas even marked jaundice of hepatogenous origin was associated for the most part with comparatively little elevation in serum phosphatase activity.
The distribution of serum phosphatase values in hemolytic jaundice and in chronic passive congestion of the liver is limited to the normal range or slightly above, as already indicated. In patients with liver abscess the values are preponderantly in the range of obstructive jaundice or fall within the zone of indeterminate significance. Thirty-four of 44 cases (about 75 per cent) of cirrhosis other than biliary cirrhosis had serum phosphatase levels less than 9.0 Bodansky units per 100 cc., and 5 fell within the indeterminate zone.
The distribution of serum phosphatase values in two categories of liver disease deserves special comment because a double peak in the incidence curve appears, one within the " hepatitis " zone, the other in the zone of obstructive jaundice. These are the group with jaundice due to hepatotoxic drugs and the series comprising patients with neoplastic involvement of the liver. In the former, as already indicated, there is some evidence that two distinct types of jaundice may be present. In the latter group, the spread in serum phosphatase values appears to relate to the number and distribution of metastases in the liver. To indicate what seems to us to be a particular advantage of the serum phosphatase determination in the differential diagnosis of jaundice requires a consideration of certain difficulties inherent in the clinical application of any physiological aid to the diagnosis of liver disease. As pointed out by several investigators (8, 9) , the simple but arbitrary division of clinical jaundice into three discrete categories, obstructive, hepatogenous and hemolytic, however convenient clinically, does not adequately define the mechanisms actually operating in many patients. The initial or predominant cause of jaundice may fall into one or another of these distinct categories, but serious disturbance of one mechanism soon involves others and this complexity is reflected in equivocal or confusing results with the test employed. The disadvantage of most liver function tests used in the differential diagnosis of jaundice lies in the circumstance that they provide only negative evidence for obstruction; that is, mechanical obstruction of the common bile duct is suggested by the absence of any significant alteration in a given function of the liver in patients with jaundice. While this often suffices, if significant liver parenchymal injury complicates obstruction (as with cholangeitis or biliary cirrhosis developing in protracted obstructive jaundice) then the negative effect of obstruction may be superseded by the positive effects of secondary inflammatory or degenerative changes. Under these circumstances, liver function tests not infrequently give equivocal or confusing results and the possibility of error is not minimized by a multiplicity of such tests all having much the same limitation.
It would seem desirable rather to complement the liver function tests with some positive measure of biliary tract obstruction. We find the determination of serum phosphatase activity satisfactory for this purpose, since inflammatory or cirrhotic changes secondary to common bile duct obstruction do not ordinarily significantly lower the phosphatase level of the serum. Other positive indices of biliary tract obstruction, such as the total cholesterol content of the serum, have proved less consistently helpful in our hands (Table I) , particularly in the clinically important group of patients with incomplete mechanical obstruction of the common bile duct. The range of variation in the serum cholesterol content of different normal subjects, moreover, is extremely broad so that interpretation of values in any one case of jaundice may be difficult; whereas we find the range of variation in serum phosphatase activity in the normal adult relatively narrow and the many-fold increase encountered in obstructive jaundice facilitates interpretation of results.
There are further minor advantages that recommend the serum phosphatase determination for test purposes in jaundiced patients: it does not require the administration of substances that may or may not be innocuous to the disordered liver; and it is not significantly affected by renal disease, in our experience.
As to the disadvantages of the method, there are several that limit its applicability in the differentiation of the several types of jaundice. The foremost of these is overlapping of serum phosphatase values in the obstructive and hepatogenous groups of jaundiced patients. The degree of overlapping noted by different investigators has varied extraordinarily, some finding it so large as to disqualify the method for differential diagnosis (3b, 3f), others finding the overlapping of values sufficient to limit but not invalidate the usefulness of the determination (3c, 3h). There is general though not unanimous agreement, however, regarding the relative consistency of distinctly increased serum phosphatase levels in jaundice due to obstruction of the common bile duct. As suggested elsewhere (1), these discrepancies in experience may be ascribable, in part, to variations in technique of the serum phosphatase determination, in the classification of clinical material, or in the adequacy of evidence adduced for the classification of cases.
The differentiation of obstructive from hepatogenous jaundice is further confused by overlapping of serum phosphatase values obtained in other diseases of the liver and biliary tract, as shown in our tables. Consequently, we feel that the chief usefulness of the determination in the differential diagnosis of jaundice is in excluding, with high probability, obstruction of the common bile duct as a cause of jaundice in patients showing no marked increase in serum phosphatase activity.
Another difficulty with the serum phosphatase determination as applied to the differential diagnosis of jaundice lies in its lack of specificity. As is well known (10, 11, 12, 13) , the phosphatase activity of the serum is increased in a variety of skeletal disorders, notably Paget's disease, rickets, carcinoma with bone metastases, particularly of the osteoplastic type, hyperparathyroidism and osteogenic sarcoma. The serum phosphatase level cannot be applied to the diagnosis of disease of the liver or biliary tract in patients presenting any of these bone conditions. Ordinarily, appreciation of this limitation avoids confusion because the skeletal disorder is readily recognizable. But errors occur occasionally when localized Paget's disease or metastatic bone involvement, discoverable only by appropriate x-rays, is overlooked. Apart from these skeletal disorders, no other conditions significantly affect the serum phosphatase level consistently enough to interfere seriously with the use of the method in jaundice, so far as we could discover. If skeletal disease can be ruled out, it has been our experience that patients with definitely elevated serum phosphatase level, whether jaundiced or not, generally prove to have one or another type of liver disease.
Further difficulties with the serum phosphatase determination are encountered when it is applied to the differential diagnosis of jaundice in children. The method appears to be of no value in an important problem of this kind in infants: the differentiation of congenital atresia of the bile ducts from "physiological jaundice." Throughout the period of skeletal growth, the range of normal variation in serum phosphatase activity is so broad and ill-defined (roughly 4 to 12 or more Bodansky units per 100 cc.), that the values obtained in hepatitis in children are confusingly high (3a, 3g). Although our experience with this age period has been limited, we feel that for the present the method is not applicable to growing children.
Finally, as already indicated, we find the serum phosphatase determination of little value in the diagnosis of Laennec's cirrhosis and of largely academic interest in hemolytic jaundice.
B. The determination of serum phosphatase activty as an aid in the diagnosis of complications followieng surgery of the biliary tract. In all, 24 patients with obstructive jaundice were studied both before and after attempted relief of common duct obstruction by surgical measures. Because of the complexities involved, our data are too incomplete for any but the most general inferences, and in 3 patients are wholly inadequate for analysis.
Decompression by establishment of external or internal biliary fistulae in obstructive jaundice, if successful in effecting adequate drainage and if not complicated by infection, resulted in a roughly parallel fall in both serum bilirubin and phosphatase levels (Cases 5, 11, 18, 21, 23, 125, 128, 151, 146 SERUM PHOSPHATASE IN LIVER DISEASE 155). The post-operative course under these circumstances was usually uneventful. When exploration disclosed that obstruction of the common bile duct was due to carcinoma so extensive as to discourage any attempt at drainage, or when an unsuccessful attempt at drainage was made, both serum bilirubin and phosphatase showed a parallel tendency to remain elevated or to rise further (Cases 2, 22, 168) .
In many patients both serum bilirubin and serum phosphatase levels fell following establishment of biliary drainage but a secondary rise in serum phosphatase activity was noted, not necessarily associated with a comparable rise in serum bilirubin. Meranze, Meranze and Rothman (3h) called attention to this phenomenon and pointed out that it occurred usually when convalescence was stormy, an observation that coincides in general with our experience. The significance of this secondary rise in serum phosphatase activity appears to depend largely upon the nature of the obstruction and the type of operation performed. In patients with stone in the common duct, the principal cause was infection such as subphrenic abscess involving the hilum of the liver (Case 133) or cholangeitis (Case 138). In patients with carcinomatous obstruction of the common duct, a late recurrence of serum phosphatase activity after establishment of internal biliary fistulae was associated with cholangeitis leading to closure of the stoma and to multiple liver abscesses (Case 10); with the development of liver metastases (Case 162); or with cholangeitis and liver metastases (Case 21) . The association of increased serum phosphatase activity with complications attending the development of protracted biliary fistulae after cholecystectomy has already been illustrated by three case summaries.
Although our data are incomplete, there would appear to be a general correlation between the post-operative serum phosphatase level and the success of surgical procedures in the establishment of adequate biliary drainage. In this sense, serum phosphatase determinations may aid in the anticipation of certain post-operative complications, particularly in the development of cholangeitis or of liver metastases (the serum bilirubin level being an uncertain guide). Limitations in the use of the determination for this purpose are illustrated by instances in which convalescence was without serious incident yet the fall in serum phosphatase was either very slow (Case 17) or was interrupted by a slight rise without apparent cause (Case 126). One patient (Case 139), who developed peritonitis postoperatively, showed a fall in serum phosphatase activity associated with a distinct rise in serum bilirubin. Necropsy disclosed extensive liver necrosis suggesting 'toxic' hepatitis.
C. Serum phosphatase determination as a means of early detection of metastases in malignancy. The liver is a site of predilection for distant metastases in many types of tumor but because of difficulties in the early detection of liver metastases by any means short of exploration, the recognition of metastatic liver involvement is frequently delayed until palpable nodules become obvious. Jaundice, as is well known, is a late and inconstant manifestation of metastatic malignancy. It has been our experience that usually before there is any demonstrable liver enlargement, the serum phosphatase activity of patients with liver metastases often shows a distinct rise (14, 12, 1) . On a number of occasions, the increased serum phosphatase level was the only objective evidence we could obtain of the presence of metastatic liver involvement demonstrated by exploration or necropsy shortly thereafter. However, the absence of a significant rise in the serum phosphatase level does not exclude the possibility of metastatic liver involvement since some patients with essentially normal serum phosphatase levels nevertheless proved to have liver metastases (1, 12, 13, 15) , usually a few small nodules but sometimes more extensive invasion. Apparently, chance variations in the distribution and size of metastases affect the reliability of the method, particularly when few nodules are present, and limit the usefulness of the serum phosphatase determination for this purpose. Moreover, if jaundice is absent, it is necessary to exclude metastatic involvement of the skeleton (usually but not always possible by x-ray) before concluding that increased serum phosphatase activity is due to liver metastases; though it is often immaterial, as when ablation of a primary tumor is contemplated, whether secondaries involve liver or skeleton, so long as they can be detected early.
It is our impression that, as emphasized by Meranze, Meranze and Rothman (15) , valid early evidence for metastases may be afforded by the finding of a definitely elevated serum phosphatase level in patients known to have malignancy. This obviously does not apply if other causes of increased serum phosphatase activity (Paget's disease, etc.) are present or if the primary tumor itself may be responsible for such an increase (osteogenic sarcoma, primary tumors obstructing the biliary tract). It should be kept in mind that the serum phosphatase level is not affected by metastases to such organs as lungs and may not be significantly affected by either liver or bone metastases (particularly of the osteolytic type) or both (see Case 320).
3. Mechanisms regulating the behavior of the serum phosphatase level in disease of the liver and biliary tract According to the prevailing concept (10), " alkaline " serum phosphatase 8 originates for the most part in bone-producing cells (an assumption based chiefly upon the high phosphatase activity of bone) and, after escaping into the circulating fluids, is excreted in the bile (an assumption based upon the high phosphatase activity of the bile). Clinical experience, on the whole, is in good agreement with this theory. Serum phosphatase determinations in a wide variety of diseases have shown, empirically, that appreciable elevations in serum phosphatase activity are observed consistently-in only two general pathological states: (1) diseases of the skeletal system in which there is active, widespread formation of bone or cartilage (11, 12, 13, 17) ; (2) diseases of the liver and biliary system in which there is obvious or presumptive impingement upon the excretory channels (biliary tract), whether extraor intrahepatic. That skeletal disorders characterized by increased osteogenesis cause elevated serum phosphatase levels is understandable, on the basis of the experimental evidence for the osseous origin of "alkaline" phosphatase, as due to increased formation of the enzyme. That hepatic disorders of the obstructive type cause increased serum phosphatase activity would be anticipated as a result of retention of the enzyme 8 For the sake of simplicity we have referred to the serum phosphatases as "phosphatase." In reality, at least one " alkaline " and at least one " acid " phosphatase system is present in serum.
due to blocking of its excretory channel, the biliary tract. The prevailing concept therefore affords an explanation for the occurrence of a common phenomenon (increased serum phosphatase activity) in diseases that are otherwise extremely heterogeneous in character.
There is a diversity of opinion regarding the validity of the " retention " theory as applied to the increased serum phosphatase activity observed in some hepatic disorders. It is wholly probable that even if blocking of the excretory biliary channels results in retention of phosphatase in the serum, other factors also affect the serum phosphatase level in obstructive jaundice. It is difficult otherwise to explain the wide range in serum phosphatase activity in different patients each having complete and protracted obstruction of the common bile duct (from 113.1 to 9.6 Bodansky units per 100 cc. in our cases of carcinoma of the head of the pancreas). Evidently, the level of serum phosphatase at which equilibrium is re-established in the blood following common duct obstruction does not depend solely upon the degree of obstruction. It would seem likely that the rate of phosphatase formation and the adequacy of other methods of disposing of serum phosphatase (by mechanisms as yet unknown) play a role here. That these other factors are operative does not imply, however, that the " retention " theory is invalid.
Several alternative explanations have been offered in lieu of the " retention " theory. Thannhauser and his associates have interpreted their clinical and experimental studies (18, 19) to signify that the increased serum phosphatase activity observed in sundry diseases, including obstructive jaundice, is due not to increased concentration of the enzyme in the blood but rather to the effect of an activator on the enzyme. This hypothesis is based upon their observation that ascorbic acid activates serum phosphatase (20) , a phenomenon subsequent studies (21, 22) proved to be an artefact. The activity of "alkaline" phosphatase is slightly inhibited by bile salts (23) .
Another explanation for the behavior of the serum phosphatase level in diseases of the liver and biliary tract lies in the possible hepatogenous origin of at least part of the "alkaline" phosphatase content of serum. Bodansky has shown (24) that nutritional factors may influence the 148 SERUM PHOSPHATASE IN LIVER DISEASE " alkaline " phosphatase activity of the serum and has raised the question of extra-osseous sources of the enzyme (25) . Liver tissue is known to contain appreciable amounts of both " alkaline " and " acid " phosphatases. It is possible that the behavior of the serum phosphatase in hepatic disease is due not to retention of a phosphatase of osseous origin but to varying effects of hepatic disease upon the elaboration and secretion of phosphatase by the liver parenchyma. Much of the evidence now available, both experimental and clinical, is interpretable either way. Current discussion along these lines is reminiscent of the controversy which prevailed regarding the hepatic vs. extra-hepatic origin of the bile pigments until incontrovertible proof of their chiefly extrahepatic origin was obtained (26) .
No such definitive evidence is now available, one way or the other, concerning the validity of the " retention " theory of the behavior of serum phosphatase levels in disease of the liver and biliary tract. Such evidence must be obtained by proper experiment. But so far as clinical observations go, the distribution of our data on adults (Table VIII) is consistent, on the whole, with the "retention" theory. Gross obstruction of the common bile duct quite regularly results in markedly increased serum phosphatase activity, the exceptions occurring chiefly with incomplete or intermittent obstruction. Interposition of masses in the liver substance (tumor nodules, liver abscess, etc.) that might block off major intrahepatic biliary passages likewise leads to elevated serum phosphatase values. Hepatogenous or " catarrhal " jaundice usually causes relatively little increase in serum phosphatase activity as compared with the degree of hyperbilirubinemia; not more than might well be due to varying intrahepatic obstruction of the finer biliary radicles. Hemolytic jaundice does not ordinarily affect the serum phosphatase level. The varying serum phosphatase levels observed in jaundice due to hepatotoxic drugs accord with other criteria in patients with high levels and are all indicative of the possibility of intrahepatic biliary obstruction. Fibrosis of the portal areas (or about the central veins) seems not to disrupt the biliary tract in most instances, judging by the preponderance of cases with little or no jaundice and comparatively little increase in serum phosphatase activity; apparently new bile duct proliferation maintains the integrity of the excretory channels. But when disorganization of the biliary tract, with jaundice, occurs in Laennec's cirrhosis (due to complications like infection or neoplastic degeneration), the serum phosphatase level rises.
On the other hand, it is clear that markedly increased serum phosphatase activity may occur with little or no hyperbilirubinemia (as, for instance, with metastatic liver malignancy) and this dissociation has seemed to some (27, 28) incompatible with the " retention " theory: both phosphatase and bilirubin being constituents of bile, obstruction of the biliary tract sufficient to cause retention of phosphatase ought to be associated with a comparable degree of bilirubin retention. This would follow, of course, if the blood levels of both bilirubin and phosphatase depended solely upon their common rate of excretion in the bile. However, bile pigments are excreted in the urine when there is biliary obstruction with retention of bile in the blood, whereas the human kidney appears to be impermeable to "alkaline " serum phosphatase.4 This difference with respect to renal excretion affords a possible explanation for the occurrence of increased serum phosphatase activity with little or no jaundice, a dissociation which does not seem to us to disqualify the " retention" theory. In hepatitis, the absence of appreciable increase in phosphatase activity, despite marked hyperbilirubinemia due to blocking of bile pigments by the disordered parenchyma, suggests possible shunting of the enzyme around the polygonal cells.
The increased serum phosphatase activity sometimes observed in patients with external biliary fistulae draining bile likewise appears to be incongruous with the " retention" theory, since under these circumstances bile, and therefore 4That is, the " alkaline " phosphatase activity of human urine is negligible in jaundiced (or normal) human subjects. Interestingly enough, in the cat, the one species in which " alkaline " phosphatase is known to be present in appreciable amounts in the urine (29) , ligation of the common bile duct causes little or no rise in serum phosphatase activity (30) .
In passing, it might be noted that dissociation of serum bilirubin and phosphatase is not peculiar to phosphatase among bile constituents. For example, a similar dissociation between serum bilirubin and total cholesterol values is the rule in hepatogenous jaundice. phosphatase, is certainly being excreted. The validity of this inconsistency would seem to depend upon whether or not the excretion of phosphatase in a given instance is adequate, always a difficult matter to appraise. The fairly consistent occurrence of clinical complications, when such dissociation was observed by us, leads to the suspicion that drainage under those circumstances may not be as adequate as would appear. It is interesting to note in this connection that patients with seemingly free drainage of bile through external fistulae may show other peculiarities such as increased serum cholesterol (31) and rather marked increase in bromsulfalein retention (9) . A more convincing inconsistency of the "retention " theory encountered in our clinical material, however, was that presented by infants with jaundice due to congenital atresia of the bile ducts. In spite of typical obstructive jaundice, the serum phosphatase level in this condition has been found to be within or only moderately above the normal range in infants. We obtained values of 11.1 and 6.3 Bodansky units per 100 cc. respectively in 2 such previously recorded instances (Cases 112 and 113; see Donovan (32) Hemolytic jaundice was associated with normal serum phosphatase values. Of 44 patients with advanced cirrhosis (exclusive of biliary cirrhosis), 34 had serum phosphatase values less than 9 Bodansky units per 100 cc. Forty-seven patients with proven neoplastic involvement of the liver showed a wide dispersion in serum phosphatase levels, depending apparently upon the number and location of metastases. Chronic passive congestion of the liver caused little or no elevation in serum phosphatase activity; liver abicess was usually associated with distinctly increased values.
We find the determination of serum phosphatase activity of limited but definite value as a supplementary aid to the clinical differentiation of the several types of jaundice. It is useful particularly in ruling out obstruction of the extrahepatic biliary tract, an improbable cause of jaundice in patients with serum phosphatase values less than 10 Bodansky units per 100 cc. When applied to the differential diagnosis of jaundice, the following sources of error should be recognized: (a) overlapping of values in the obstructive and hepatogenous groups of jaundice (about 10 per cent in either direction, in our experience); (b) unspecificity, as certain skeletal disorders increase serum phosphatase activity; (c) inapplicability to jaundice in children, particularly in congenital atresia of the bile duct.
The determination of serum phosphatase activity may be useful also in anticipating certain complications following surgery of the biliary tract. Pre-and post-operative determinations in 24 patients with obstructive jaundice disclosed a distinct correlation between post-operative serum phosphatase trends and the post-operative clinical course.
ISO SERUM PHOSPHATASE IN LIVER DISEASE
Furthermore, the determination of serum phosphatase activity is of some value in the relatively early detection of liver or skeletal metastases in patients known to have malignancy.
Possible mechanisms regulating the serum phosphatase level in disorders of the liver and biliary tract are considered, with special reference to the " retention " theory. To judge from our empirical clinical experience, the serum phosphatase level in the adult is a sensitive criterion of the integrity of the excretory biliary channels, extraand intra-hepatic, affording positive evidence for obstruction. It is suggested that the determination be employed to complement " liver function " tests, which measure impairment of a given function of the liver parenchyma but provide merely negative evidence for obstruction; and the dye retention tests which are inapplicable in jaundiced patients.
We are indebted to the many members of the Medical and Surgical Staffs who permitted study of their cases.
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